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ABSTRACT
Territoriality in the white-footed mouse, Peromyscus 
leucopus, is indirectly supported. A dominance/subordina­
tion relationship established in a neutral arena influences 
the outcome of repeated encounters between the same males. 
Behavior of males towards opponents depends on the location 
of encounters, sequence of encounters, and social status:
1. Dominants are aware of intruders in their
residences and attack sooner than when they are intruders 
placed in subordinates' residences. There is no significant 
difference in latency to attack in a neutral arena and after 
voluntary entrance into a tethered opponent's residence.
2. The occurrence of social investigation 
(naso-frontal, naso-anal sniffing) is high during first 
encounters but occurrs less frequently in subsequent
encounters, indicating that males recognize opponents and 
remember relative social status. Latency to investigative 
contact is greater when males voluntarily enter an 
opponent's residence than when males are placed in 
residences.
3. Subordinates enter dominants' residences later than 
dominants enter subordinates' residences.
4. The dominance/subordination relationship is 
relatively stable, lasting up to ninety days. Dominant 
males remained dominant in nearly all encounters, regardless 
of encounter site.
5. No conclusive priority of residence effect was 
observed.
6. Urine odor aids in the integrity of dominants'
residences.
7. Variability in behavioral responses is high, 
indicating that viable alternative strategies exist.
ix
EFFECTS OF DOMINANCE/SUBORDINATION, ENCOUNTER SITE, 
AND OLFACTORY CUES ON BEHAVIOR AND SPATIAL DYNAMICS 
OF MALE PEROMYSCUS LEUCOPUS NOVEBORACENSIS
2INTRODUCTION
Territorial occupation, which results in the 
maintenance of boundaries in a spatially distributed 
population, is communicated through signals. 
Territorial animals communicate through visual or 
auditory displays, perhaps actively patrolling 
boundaries and participating in agonistic encounters 
with trespassers. Some chemically mark areas with 
scent in excretions and urine. Signals which enable 
males to avoid fighting and to defeat or intimidate 
opponents simply through olfactory communication would 
be advantageous to territorial males. If a 
territorial system depends in part on chemical 
markers, then the decision to enter or avoid 
territories may depend on the relative social status 
of the territory holder conveyed in the chemical 
signal.
Defense of adjacent, mutually exclusive areas has 
been conclusively demonstrated in house mice (Mus 
musculus) (Crowcroft 1955, Anderson and Hill 1965). 
Because of marginally overlapping home ranges, 
white-footed mice (Peromyscus leucopus) might also be 
considered territorial (Burt 1940, Sheppe 1966, 
Metzgar 1971, Wolff et al. 1983). However, this 
conclusion is primarily based on trapping data, and
3the means by which leucopus might maintain mutually 
exclusive home ranges is unclear.
Agonistic interactions, which establish
dominance/subordination relationships, are often 
observed in encounters between adult male P^ _ leucopus. 
The site of encounter may influence establishment of 
dominance. Wolff et al. (1983) found that males 
which lost in a contest on an opponent’s home range 
reversed the decision and won when a second encounter 
took place on their home range.
An established dominance ranking between 
neighbors could lead to stable spatial partitioning. 
Frequent interactions may occur between neighboring 
males. Furthur stability of the population might be 
maintained if relative ranking is remembered at each 
interaction, indicated by changes in socal behavior.
The purpose of the following series of 
experiments was to test the primary hypothesis that P. 
leucopus is a territorial species. Conclusions are 
based upon observed dominance/subordination relation­
ships established between adult males. In addition, 
the following hypotheses will also be addressed:
1. Recognition occurs after a single encounter, 
as evidenced by changes in social behavior. Each 
experiment will examine changes in social behavior in 
response to changes in the location of repeated
4encounters between males (Exp. I#II, and III).
2. If males are territorial, residents should be 
able to defeat intruders. Recognition influences 
spatial relationships and therefore social rank may 
influence territorial behavior and response (Exp. I 
and II).
3. Odor from urine of resident males influences 
the movements of males within a population (Exp. II).
In addition, a third experiment will examine the 
stability of the dominance/subordination relationship 
over time and its relevance to the spatial 
distribution of leucopus (Exp. Ill).
Additional specific hypotheses are stated in the 
purpose of each experiment.
GENERAL MATERIALS AND METHODS.
Peromyscus leucopus used in this study were part 
of a laboratory colony maintained at the Laboratory of 
Endocrinology and Population Biology of the College of 
William and Mary. Ancestors of the colony were 
wild-caught locally. Genetic heterogeneity is 
maintained in the colony through the addition of 
random wild-caught males. Only matings between first 
cousins or more distantly related individuals are
5allowed. Young mice are weaned at 21 days and housed 
in same-sex sibling groups in standard 25 x 12.7 x 
15.4 cm opaque plastic 2-compartment cages. Pine-chip 
beddings are changed biweekly.
During all experiments males were maintained in a 
temperature-controlled room (22-23 C), and kept on a 
14h light (4 overhead 40W fluorescent tubes), 0.5h 
dark, and 9.5h dim (4 overhead 25W incandescent bulbs) 
schedule. Experiments were conducted during the dim 
light phase (1400-2330 h), when leucopus are most 
active (Falls 1968). To aid in identification during 
encounters, the left or right ear of each male was 
clipped at least seven days prior to each experiment. 
Mice were handled by grasping the tail with 
rubber-coated forceps. Food (Agway 3 000 Chow) and 
water were provided ad libitum unless otherwise noted. 
Bedding was not disturbed.
Preliminary experiments (see Append A)
indicated that mated leucopus males are more
aggressive than isolated males against opponents. 
Therefore, each experimental male was placed with a 
non-related adult (+/- 60 days old) female for at 
least seven days prior to the onset of each 
experiment. Males were tested in the absence of 
females but kept with females between tests.
Males in each experiment underwent a series of
6encounters with the same opponent. Each series lasted 
several days. To maxim e genetic variability, 
brothers from each family group were paired with 
opponents from different family groups. The procedure 
for the first encounter, which occurred in a neutral 
arena, was identical in all experiments. Two 
non-sibling males were removed from non-adjacent 
compartments and placed in a circular corrugated metal 
arena measuring 45.5 cm in diameter and 65.5 cm in 
height. The floor of the arena was covered with pine 
chips. Males were placed in the neutral arena within 
3 0 seconds of each other, as far apart as possible, 
and observations began immediately. Additional 
encounters took place as described in each experiment.
Some encounters occurred in the "residence" 
enclosures of one member of a pair. Residency was 
considered established after a period of 48 h without 
disturbance elapsed, in the presence of a mate. Fresh 
food, and clean water bottles and bottle stands were 
provided in all residence enclosures between 
encounters.
After each encounter, the neutral arena, 
residence enclosures and other materials were washed 
with 5% Superbarcrobe disinfectant solution, rinsed 
with water, and allowed to dry. Pine shavings were 
also replaced.
7Encounters were stopped after the occurrence of a 
locked fight (see below) to prevent serious injury to 
the males. If the initiator of the locked fight was 
undetermined, the encounter was allowed to continue 
until the dominant individual was identified. Except 
for Experiment I, only pairs which displayed 
aggression were considered for analysis.
Data were recorded on paper by one observer. 
Statistical analyses were performed by the Statistical 
Package for the Social Sciences (SPSSx). Statistical 
tests unavailable in the SPSSx package were performed 
by hand according to Sokal and Rohlf (1981).
Behaviors recorded.
The aggressive acts recorded in the experiments were 
defined according to the Ethogram of Behavior 
(unpubl.) established by C.R.Terman for P.
maniculatus bairdii. The latency to the first 
occurrence of each behavior was recorded with a 
stopwatch to the nearest hundredth of a second. To 
minimize subjectivity, only the following obviously 
aggressive acts were recorded:
A3 - non-contact, the aggressor rushes toward the 
opponent which turns and runs away while the aggressor 
gives chase,
A4 - contact, the aggressor rushes toward the 
opponent and bites but releases immediately,
8A5 - contact, the aggressor holds the opponent in 
a locked fight, often accompanied by rolling on the 
floor.
Initiators and number of aggressive acts were 
also recorded.
Preliminary observations indicated that usually 
only one male initiated aggression. On the basis of 
behavior observed during neutral arena encounters, 
males that consistently initiated social conflicts 
through repeated threats or attacks were considered 
dominant for the duration of each experiment. 
Opponents were considered subordinate to the dominant 
male. Encounters were scored as aggressive if A3-A5 
behaviors were observed and non-aggressive if- these 
behaviors were not observed. Non-aggressive patterns 
of social dominance are not considered.
Latencies to the first occurrence of the 
following socially investigative acts were also 
recorded:
Naso-frontal sniff - males mutually sniff noses 
and mouths, often with oral contact.
Naso-anal sniff - males mutually sniff 
anal/genital areas.
Either the occurrence or absence of sniffs was 
recorded for each encounter. Sniffs were recorded 
only if both males of a pair displayed interest in the
9other; that is, sniffs were not recorded if one male 
fled its opponent as the opponent followed and 
sniffed.
.+GENERAL NEUTRAL ARENA RESULTS
The initial encounter in the neutral arena
usually followed one of two scenarios. In
non-aggressive encounters, males were seemingly
indifferent to each other*s presence and usually 
explored the arena, either calmly or wildly, after a 
brief social investigation. 56% of all encounters in 
the neutral arena resulted in aggression. Aggression 
was observed within a few seconds to minutes, 
following which the subordinate male avoided the 
dominant male, attempting to maintain a maximum 
distance between the males. The dominant male often 
appeared to be simply chasing the subordinate without 
attempting to catch him.
The manifestation of aggression by an aggressor 
is unrelated to being placed first or second in the 
neutral arena (Chi-sguare, x=.41, p=.67). In this
study as well as in others, the expression of 
dominance in Peromyscus was not influenced by relative 
size of the opponents (Dewsbury, 1984, Hill, 1977). 
Of fourteen males which were visually much larger than
10
their opponents, nine were dominant and five were sub­
ordinate (Chi-square, x=1.14, p>0.05).
Specific results are given in the results section 
of each experiment.
EXPERIMENT I. EFFECT OF RESIDENCY VERSUS NEUTRAL 
ENVIRONMENT ON AGGRESSION IN PAIRED MALE PEROMYSCUS 
LEUCOPUS.
Purpose.
The purpose of Experiment I was to test the 
territorial paradigm that residents are able to defeat 
intruders.This was done through manipulations of the 
location of sequential encounters between familiar 
males. It is hypothesized that recognition occurs 
after the initial encounter, so that social 
investigation should occur in fewer subsequent 
encounters, or that males which approach opponents 
sniff sooner than initially.
Materials and Methods.
Ninety-s adult males (+/- 60 days of age) were 
paired with non-sibling females of similar age and 
placed in two-compartment cages. A minimum of 7 days 
later each male began a series of 3 encounters, each 
lasting 20 minutes or until one locked fight, with the 
same opponent. The locations of the encounters were
11
either in a neutral arena or the residence of one male 
of each pair, as indicated below:
Location
Encounter # Group A Group B
1 Neutral Arena Neutral Arena
2 Dom Residence Sub Residence
3 Sub Residence Dom Residence
After the initial encounter in the neutral arena 
(Encounter 1), one male of each aggressive pair was 
randomly chosen to be "resident", so that Encounter 2 
took place in his domicile, and approximately half of 
all residents were dominant (Group A) and half were 
subordinate (Group B). If no aggression occurred in 
the neutral arena, the "resident" male was chosen 
randomly. Each resident male and his mate were placed 
for 48 h in a clean arena, previously used in 
Encounter 1. Each opponent male was returned to his 
cage and mate for the same duration. After 48 h, the 
female and the water bottle with stand were removed 
from the residence enclosure. Approximately 3 0 
minutes later the opponent male was placed in the 
residence enclosure and the behavior of both males was 
observed for 20 minutes.
After the second encounter each resident male was 
returned to his mate in the original cage and the 
opponent males and their mates were placed in clean 
residence enclosures. Two days later, a third
12
encounter took place between each pair as described 
above for Encounter 2, but with the residence status 
of the males reversed. The procedure was repeated 
with all pairs.
Behavioral data were analyzed by Chi-square 
goodness of fit tests and binomial probabilities.
Latencies were analyzed by Mann-Whitney U tests.
Results.
Pairs of males which were non-aggressive in the 
neutral arena generally remained non-aggressive in 
subsequent encounters (13/16). Only data from pairs 
which displayed aggression in the neutral arena were 
subjected to analysis.
Aggression (A3-A5) was observed in 32 of 48 pairs 
tested in the neutral arena (67%) forming two groups 
based on the sequence of encounter sites, Group A
(n=15) and Group B (n=17) (see Append B).
With the exception of one pair (Group A, 1 of 32 
total encounters) the aggressor in the neutral arena 
remained the aggressor in all subsequent encounters 
(64) regardless of the location of the encounter. The 
following analysis includes only those encounters in 
which no reversal of dominance occurred.
Combining Group A and Group B, the percentage of 
aggressive encounters in Encounters 2 and 3 was the 
same (77%), which is a non-significant decrease from
13
the 100% aggression selected for in Encounter 1 
(p=>0.5, Table 1). The number of aggressive 
encounters in all subordinates* and all dominants* 
residences was not significantly different (Table 1). 
Therefore, the manifestation of aggression is not 
simply related to residence. Comparing Group A and 
Group B, there were significantly more encounters with 
aggression in Group A than in Group B (p<0.05, Table 
1). Therefore, the number of encounters with 
aggression was influenced by the sequence of 
encounters.
The mean latencies to attack in the neutral arena 
by males in Group A and Group B were not significantly 
different. In Group A, subsequent latencies to. attack 
were influenced by the sequence of encounter sites, 
since the observed number of encounters with a latency 
decrease in Encounter 2 and increase in Encounter 3 is 
different from chance (p=.058, Table 2). In Group A, 
the attack latency of males which attacked in all 
encounters decreased significantly in dominants* 
residences compared to the neutral arena (p<.02, Table
3). Conversely, there was no significant latency 
change in subordinate's residences compared to the 
neutral arena in Group B (Table 3).
14
TABLE 1. Effect of sequence of placement and place of encounter on 
the total number of aggressive pairs observed in Encounters 2 and 3 
in Experiment I .
No. of Without With
__________________Fairs______ Aggression Aggression_____ xl__________ P*
Sequence of 
Placement
Group A 28 3 25
Group B 34 11 23 x2=4.11 <-05
Residence of
Dominant 31 8 23
Subordinant 31 6 25 x 2=0-37 NS
*Chi-square goodness of fit test
15
TABLE 2. Summary of the number of encounters in Experiment I where 
there was a change in attack latency compared to the previous 
encounter.*
Comparison
N o . of 
Pairs
Latency 
Decrease Increase y 2 P
Group A.
Encounter 2 14 9 5
vs
Encounter 3 14 4 10 x 2=3.59 =.058*
Dom Resident 12 9 3 =.073f
Sub Resident 12 4 8 =.194f
Group B .
Encounter 2 12 9 3
vs
Encounter 3 12 8 4 X 2=-202 = .75*
Sub Resident 12 9 3 =.073*
Dom Resident 11 8 3 =.194*
*Pairs in which aggression ceased in both Encounters 2 and 3 in 
Group B are excluded.
* Fischer's Exact Probability
* Binomial Probability
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TABLE 3. Mean 
Experiment I , and 
Encounters 1 and 2
(±SE) of attack 
the difference
latencies (sec) 
between attack
by dominants 
latencies in
Group A Group B
Location N=14 N=17 p*
Neutral Arena 204.7 ± 57.5 286.4 ± 54.3 = .49
(14) (17)
Encounter 2 74.2 ± 27.9 197.0 ± 54.3
(12) (12)
p<. 02 p>. 18
Encounter 3 160.3 ± 60.3 202.6 ± 98.8
(13) (11)
Enc.1-Enc.2 123.4 ± 22.1 165.8 ± 36.8 = .62
( ) = the number of dominants which attacked in all Encounters. 
Enc. = Encounter 
*Mann-Whitney U test
17
In Group B, most encounters showed a decrease in 
attack latency in subordinates1 residences compared to 
the neutral arena and also in subsequent encounters in 
dominants' residences (binomial p=.073, p=.194
respectively, Table 2).
Comparing Group A and Group B, the decrease in 
latency to attack from the neutral arena to Encounter 
2 was similar (p=.623, Table 3). This indicates that 
the males which attacked in Encounter 2 attacked 
sooner regardless of the site of the second encounter.
Nose-nose sniffing occurred in 8 6% of the neutral 
arena encounters in Group A and 76% in Group B. There 
were significantly fewer encounters with nose-nose 
sniffing in Encounters 2 and 3 of both Groups than in 
the neutral arena (Group A, p<.005; Group B, x=3.54, 
p~.05, Table 4). Combining both Groups, more 
encounters with nose-nose sniffs were observed in sub­
ordinates' residences than in dominants' residences 
(p~0.05, Table 4). In Encounter 2, sniffing occurred 
in significantly more encounters in subordinates' 
residences than dominants' residences (p<0.05, Table
4). In encounters where nose-nose sniffing occurred 
during Encounters 2 and 3, it occurred later in sub­
ordinates ' residences than dominants' residences, 
although not significantly later (Table 5).
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TABLE 4. Comparisons of the number of pairs in which nose-nose 
sniffing occurred during Experiments I, II and III. (see Figure 3)
N o . of
_____ Comparison______________ Pairs_________^ _____________ P*
EXPERIMENT I.
Group A.
Enel vs Enc2 12 vs 1 7.37 <.001
Enel vs Enc3 12 vs 2 4.29 <.001
Enel vs Enc2,3 12 vs 3 9.90 <.005
Group B .
Enel vs Enc2 13
Enel vs Enc3 13
Enc2 vs Enc3 7
Enel vs Enc2,3 13
vs 7 4.37 <.05
vs 3 1.81 <.001
vs 3 2.27 NS
vs 10 3.54 -.05
Group A vs Group B.
Enc2 vs Enc2 1 vs 7 4.64 <.05
Dorn vs Dorn 1 vs 3 0.75 NS
Sub vs Sub 12 vs 7 2.69 NS
Neutral vs Neutral 2 vs 13 0.42 NS
Dorn vs Sub Homes 4 vs 8 3.56 «.05
Neutral vs Homes 25 vs 13 3.78 ~ . 05
EXPERIMENT II.
Neutral vs Dorn Home 7 vs 1 3.64 «.05
Neutral vs Sub Home 8 vs 4 1.33 NS
Dorn Home vs Sub Home 1 vs 4 0.58 NS
EXPERIMENT III.
Neutral vs Neutral 10 vs 7 0.23 NS
Enc = Encounter
*Chi-square
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TABLE 5. Mean (±SE) of latencies (sec) to nose-nose sniff in Experiment 
I.
N o . of 
Pairs Neutral Arena Encounter 2 Encounter 3
Group A 
Group B
14
17
73.2 ± 12.1 
(12)
89.8 ± 18.9 
(13)
17.0
(1)
152.9 ± 41.5 
(7)
28.5 ± 3.9 
(2)
118.7 ± 2 2.6 
(4)
p=.807*
( ) = the number of pairs in which nose-nose sniffing occurred.
*Mann-Whitney U test
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Nose-nose sniffing occurred rarely during Encounter 3 
of either Group.
Naso-anal sniffing occurred in the majority of 
the neutral arena encounters (78%) but far less often 
in Encounters 2 (6%) and 3 (3%) of both Groups.
Statistical analysis was not possible.
EXPERIMENT II. EFFECT OF FAMILIAR OPPONENT OCCUPANCY, 
FAMILIAR OPPONENT URINE, AND STRANGER URINE ON THE 
BEHAVIORS OF PEROMYSCUS LEUCOPUS IN A NOVEL ENCLOSURE.
Purpose.
The purpose of Experiment II was to examine the 
movements of males in response to cues present in the 
environment. If a territorial system is aided by 
recognition and olfaction, then males may voluntarily 
enter a previously unavailable enclosure containing a 
familiar ranked male or urine from the familiar male, 
depending on relative rank. Animals may avoid an 
enclosure marked with urine from an unfamiliar male. 
Additionally, changes in social behaviors of males 
interacting in residence enclosures compared to 
neutral arenas were examined, as in Experiment I.
Materials and Methods.
A total of 172 adult male P^ leucopus (62-200 
days old) were used in Experiment II. 2 2 males (11 
pairs) which had established dominance/subordination
21
relationships in Encounter 1 of Experiment I were 
retested. In addition, 150 naive males (75 pairs) 
were taken from same-sex sibling groups of at least 
two males in the colony. Nine days prior to the 
beginning of the experiment, each male was placed in a 
clean compartment of a 2-compartment cage with a 
female of comparable age.
Three additional sibling males of the same 
approximate age were maintained as a group and served 
as stranger urine donors. One male was used as a 
urine donor for each experimental male. Stranger 
urine donors were grouped because several 
investigators have found that grouped Mus males are 
less aggressive than isolate males (Harmatz, Boelkins 
& Kessler 1975, Cairns, Hood & Midlam 1985). Urine 
was collected by placing individuals in a funnel 
apparatus consisting of a 200 ml glass jar with a 1 mm 
mesh top. The jar was inverted within a polypropylene 
funnel and urine collected in a 5 ml plastic test 
tube.
Apparatus.
The trial apparatus consisted of four corrugated 
metal enclosures arranged so that a central enclosure 
was surrounded by 3 attached equidistant enclosures, 
each connected to the central enclosure by a 
removable, clear 1/4" plexiglass tunnel, 1.5" square
22
by 6" long (Figure 1). In the center of each tunnel, 
a removable 0.95 mm aluminum door served to block the 
passage when the door was in place. Light-sensing 
devices monitored the passage of mice through each 
tunnel. An infrared emitter, paired with an 
infrared-sensitive phototransistor and mounted over 
the center of each tunnel, was interfaced with a 
computer. A Basic program was designed so that the 
computer acted as a simultaneous event-recorder, 
noting the tunnel number and the times (in hundredths 
of a second) that the beam was broken and restored in 
each tunnel. The floor of the trial apparatus was 
covered with pine chips.
Because two trial apparatuses were used at the 
same time, a black-and-white Sony videocamara, 
interfaced with a Sony reel-to-reel videotape machine, 
was positioned over one apparatus to record behaviors 
during the trial. Tapes were made of the first half 
hour of each trial and analyzed at a later date.
Behaviors recorded.
In addition to aggressive behaviors listed in 
General Materials and Methods, the occurrence of 
non-aggressive supine behavior was also recorded.
Testing Procedure.
The 150 males taken from the colony room were 
paired with non-sibling opponents. The 2 2 males which
23
fought in Experiment I were paired with the same 
opponent. Each pair experienced two encounters.
Pairs of males were observed in the neutral arena 
until 2 aggressive pairs were obtained. Those pairs 
that did not display aggression were discarded. 
Either the dominant or the subordinate male of the 
aggressive pairs was chosen to be the experimental 
male, so that approximately half of the subsequent 
trials would record dominants' movements and half 
record subordinates' movements. The experimental male 
was removed from the neutral arena and placed in the 
center of a trial apparatus (Figure 1). The tunnel 
doors were removed and the male was permitted to 
explore the apparatus for a 3 h period while the 
computer system recorded movements through the trial 
apparatus. The opponent male of the pair and a 
stranger male were placed in the urine-collecting 
apparatus for the same duration.
After 3 hours, the experimental male and his 
female were placed in the central enclosure of a 
similar apparatus, but with the aluminum doors in 
place to prevent passage. The stranger male was 
removed from the urine-collecting apparatus and 
returned to his cage. The opponent male was removed 
from the urine-collecting apparatus, lightly 
anethesized with Squibb ether and fitted with a collar
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consisting of wire strung with glass beads. The 
opponent male was then placed with his mate in an 
attached enclosure of the same trial apparatus. Both 
pairs were left in the apparatus for 24 hours.
Test tubes of collected urine were capped and 
refrigerated (4 C). If too little urine had been 
produced, the opponent male was removed from the trial 
apparatus and placed the next day in the 
urine-collecting device for 3 more hours.
One-half hour before the trial was to begin, the 
females, water bottles and bottle stands were removed 
from the apparatus. A glass slide of either 0.1 ml 
opponent male urine or 0.1 ml stranger male urine was 
placed about 4 cm to the left of the tunnel entrance 
in each unoccupied enclosure. Opponent males placed 
in an attached enclosure of each trial apparatus were 
not allowed access to the entire apparatus so that 
only passages by experimental males were recorded. 
Each opponent male was attached by his collar to a 
small guage wire tether connected to the side of the 
enclosure approximately 6 cm above the apparatus 
floor. The tether was long enough to allow the 
tethered animal access to the entire enclosure but it 
was too short to allow the male to enter the tunnel 
opening. Several blocks of chow were placed in 
unoccupied enclosures so that movements by the
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experimental male would not be motivated by a search 
for food. After 0.5 h the doors in the tunnels were 
removed and the enclosure containing the tethered male 
was observed for 0.5 hours for interactions between 
animals. Movement by the experimental male was
recorded by the computer system for 3 h.
After each trial period ended, the experimental 
male was returned to his cage and the tethered male 
was briefly anesthetized to facilitate removal of the 
tether and collar. Materials were cleaned as in 
General Materials and Methods. Glass slides were also 
cleaned with Alconox glass cleaner. The procedure was 
repeated until all males had been tested.
Data were analyzed by Analysis of Variance tests. 
If the assumptions of the ANOVA (heterogeneity of
variances and normality) were not met, data were 
transformed or analyzed by appropriate non-parametric 
statistical tests. In comparisons of acts recorded in 
the neutral and trial arenas, only those acts which 
occurred during the first fifteen minutes after entry 
into the tethered male's enclosure were considered.
Control for an effect of the collar and tether on the 
tendency to attack
Additional animals were tested to determine the
effect of the collar and tether on an aggressive
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male's tendency to attack a familiar opponent. 
Twenty-four males (12 pairs) were tested for 
aggression in the neutral arena. Pairs that did not 
display aggression were discarded. Dominant males 
were fitted with a collar, and both males were 
replaced in their cages. After 24 hours, an 
unattached tether was clipped to the collar and the 
male was given 0.5 h to adjust to the tether while in 
his cage. Both males were then placed in the neutral 
arena and the aggressor, if any, was noted. Data were 
examined for the absence of aggression in the second 
neutral arena encounter.
Aggression was evident in 5 of 12 observed pairs 
(42%). Four of the retested aggressive males 
displayed aggression 24 hours after the first 
encounter. In these cases, the aggressor was the male 
which had been the prior aggressor. Therefore, the 
tendency to aggress was minimally affected by the 
presence of the collar and tether on the male. No 
aggression was observed in the remaining pair.
Nomenclature and Abbreviations
Trial apparatus - 4 corrugated metal enclosures 
connected by plexiglass tunnels (see Figure 1).
Trial period - 3 hour time span spent in the 
trial apparatus.
27
Familiar Animal Tunnel (FA) - the tunnel in the 
trial apparatus leading to the enclosure containing
the familiar tethered dominant or subordinate male.
Familiar Urine Tunnel (FU) - the tunnel in the
trial apparatus leading to the enclosure containing
urine from the familiar tethered male..
Stranger Urine Tunnel (SU) - the tunnel in the
trial apparatus leading to the enclosure containing
urine from a stranger male.
Acclimation Mean Entry Latency (ACC) - the mean 
of the latency to enter the three tunnels during the 
acclimation period for each male.
Results.
Neutral arena observations.
Agression in the form of A3-A5 was present in 41 
of 86 pairs tested in the neutral arena (49%), 32 of 
which were included in subsequent behavioral analyses.
Others were dropped from analysis for reasons such as
mortality and escape.
In order to examine possible behavioral 
differences between pairs that displayed aggression 
and pairs that did not, occurrences and latencies to 
investigative behaviors were compared for these pairs. 
There was no significant difference in the number of 
encounters with nose-nose or naso-anal sniffs, and in 
latencies to naso-anal sniff (Table 6).
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Comparison of neutral arena and trial behavioral 
observations.
During acclimation periods, s teen subordinate 
males and s teen dominant males were allowed to 
explore the trial apparatus. During trial observation 
periods, s subordinate males (37%) and one dominant 
male (6%) did not enter the enclosure containing the 
tethered opponent (p=.02, Table 7). Therefore, 
behavioral data on the remaining 15 dominant males and 
10 subordinate males were compared with the respective 
neutral arena data.
Aggression by dominants against tethered sub­
ordinates occurred frequently (12 of 15 trials, 8 0%, 
Table 7). In the neutral arena, the number * of A3 
aggressive acts was significantly greater than the 
number of A4 acts (p-.02) but there was no significant 
difference in the number of A3 and A4 acts observed 
during the trial periods by the same male (p=.19, 
Table 8). The mean number of A3 acts per dominant 
male during the trial period decreased to nearly half 
the number observed in the neutral arena (p=.06, Table 
8). The number of A4 acts also decreased, although 
not significantly (Table 8).
In the 12 trial periods in which aggression was 
observed, latency to the first aggressive act was 
greater than the latency to attack in the neutral
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TABLE 6. Comparison of mean (±SE) latencies (s) to nose-nose and 
naso-anal sniff by aggressive and non-aggressive pairs in Experiment 
II.
N Aggressive N Non-aggress ive P*
Nose-nose 32 77.3 ± 13.2 
(22)
42 105.9 ± 30.9 
(32)
= .75
Naso-anal 32 100.3 ± 20.4 
(15)
42 202.8 ± 53.1 
(12)
= .23
N = number of pairs
( ) = the number of pairs in which nose-nose and naso-anal sniffing 
occurred.
*Kruskal-Wallis test
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TABLE 7. Summary of observations of trial encounters in Experiment 
II.
N o . of 
Encounters
No
Aggression Aggression
No
Entrance
Reversals 
of Agg.
Sub Home 16 12 3 1 0
Dom Home 16 4 5 7 3
p=.02*
*Fischer's Exact Probability test
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TABLE 8. Mean (±SE) number of aggressive acts (A3-A4) by dominants 
during trial and neutral arena encounters in Experiment II.
N o . of 
Pairs
Aggressive Acts 
A3 A4 p*
Neutral 12 7.1 ± 5.9 3.1 ± 2.1 = .022
(12) (12)
Trial 12 3.7 ± 3.5
00 
1—1 
+1 
I—
1
CM = .193
(10) (ID
p = .059 p = .149
( ) = the number of dominants which attacked in both trial and neutral 
arenas.
*Mann-Whitney U test
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arena by the same male (p=.076, Table 9). No tethered 
subordinate male was observed to attack a dominant 
male.
The number of supine acts by tethered sub­
ordinates during trials where dominants attacked was 
not significantly different from the number observed 
in the neutral arena (Kolmogorov-Smirnov, p=.57).
Aggression was observed in four of ten trial 
observation periods (40%) in which subordinate males 
entered dominant residence enclosures. Three
intruding subordinates attacked tethered dominants in 
an average of 3.96 seconds (Table 7). Only one 
tethered dominant male was observed to attack a sub­
ordinate male, 29 seconds after entering the enclosure 
(compared to the attack latency in the neutral arena 
of 14 6 s). Since few aggressive encounters were 
observed in dominants' residences, no comparison of 
acts observed in the neutral arena and residence 
enclosures could be made.
Nose-nose sniffing occurred in 22 of 32 neutral 
arena encounters (69%), but occurred in only 5 of 26 
trial encounters (19%) in which males entered tethered 
opponents' enclosures (Chi-square, x=5.5, p<0.05).
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TABLE 9. Mean (±SE) latencies (s) to attack, nose-nose sniff, and 
naso-anal sniff observed during encounters in the neutral arena and 
trial residences in Experiment II.
SS
N o . of 
Pairs Neutral Trial P
Attack
Sub 12 254.3 ± 48.5 320.2 ± 92.0 II VO o
 
00
 
—t
-
(12) (12)
Nose-Nose Sniff
Dom 10 79.7 ± 70.2 655.0 <.001*
(7) (1)
Sub 15 66.1 ± 61.6 383.9 ± 214.0 =.005f
(8) (4)
p=.64f
Naso-Anal Sniff
Dom 10 70.7 ± 77.6 >1800.0
(4) (0)
Sub 15 91.6 ± 81.7 314.0 .05<p<.10*
(5) (1)
p=.62f
SS = Social Status of Resident.
( ) = number of pairs in which the behavior was observed, 
f Mann-Whitney U test
* comparison of 1 value to a sample mean
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There was no difference in latency to nose-nose sniff 
between the dominants and subordinates during neutral 
arena encounters (Table 9). Both dominants and sub­
ordinates sniffed noses with their tethered opponents 
significantly later during trial periods than in the 
neutral arena (Sub pc.001, Dom p=.005, Table 9).
Naso-anal sniffing occurred late in observation
periods, always after nose-nose sniffing. It occurred
in significantly more initial encounters in the 
neutral arena (15/32 encounters, 46.9%) than trial
encounters (1/26 trial encounters in which the free 
male entered the tethered opponent enclosure, .04%, 
Chi-square, x=8.05, p<0.05). There was no significant 
difference in latency to naso-anal sniff between sub­
ordinates and dominants in the neutral arena (p=.62) 
or in the trial period (p=.41, Table 9). No naso-anal 
sniffing was observed during trial periods in which 
the subordinate entered the dominant residence. There 
was no significant difference in latency to naso-anal 
sniff by the only dominant observed to sniff in both 
the neutral arena and the subordinate residence 
(.05<p<.10, Table 9).
Movements through Tunnels
General exploratory behavior of a novel area by 
P. leucopus appears to be unrelated to social status. 
During acclimation periods, dominants and subordinates
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did not significantly differ in mean latency to enter 
tunnels (Table 10), mean frequency of passage through 
tunnels (Table 11) or in mean duration of time spent 
in tunnels (Table 11).
Differences in movements were apparent, however, 
when the males were free to enter enclosures 
containing cues (Table 10). Significantly more 
dominants entered any tunnel earlier during the trial 
period than during their acclimation periods (11 of 12 
dominants), whereas only 5 of 13 subordinates entered 
trial tunnels earlier (Chi-square, x=7.67, p<0.01).
During trial periods, the mean latency to enter 
any tunnel by dominants was not significantly 
different from that recorded during acclimation 
periods (Table 10). Subordinates, however, entered 
tunnels significantly later during trial periods 
(square-root transformation, One-way ANOVA p=.034). 
The mean latency to enter the acclimation tunnels 
(ACC) and the enclosure containing the familiar 
tethered opponent (FA) was significantly less than 
tunnels containing urine cues (FU and SU) (p=.05, 
Table 10).
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TABLE 10. Comparison of mean (±SE) latencies (sec) to enter tunnels by 
subordinates and dominants in Experiment II. Means not connected by 
lines are significantly different at p<0.05 (Student-Newman Keuls 
test).
N o . of 
SS Pairs ACC
TUNNEL 
FA FU SU P
SUB 13
Mean 460.3 1191.4 1968.5 1991.6 = .03*
SE 187.9 429.2 530.8 461.2
DOM 12
Mean 683.2 595.0 1201.3 832.5 -.33$
SE 349.7 348.3 446.4 420.9
p=.277t p=.106f p=.326f p=.038f
SS = Social Status of entering animal.
ACC = mean latencies during Acclimation periods. FA = Familiar 
Animal tunnel. FU = Familiar Urine Tunnel. SU = Stranger Urine 
tunnel.
* ANOVA
$ Kruskal-Wallis 
f Mann-Whitney U test
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TABLE 11. Mean (±SE) frequency and duration (sec) of passage through 
tunnels in Experiment II.
Tunnel N Subordinant N Dominant Pt
FREQUENCY
ACC 13 156.7 ± 19.1* 12 174.4 ± 24.2 = .543
FA 13 72.5 ± 11.9 12 177.2 ± 2 4 . 9 = .002
FU 13 87.1 ± 14.7 12 140.9 ± 26.7 = .077
SU 13 77.7 ± 8.4 12 117.2 ± 17.3 = .231
p=.0007 p=.1533
(1-way ANOVA)
DURATION
ACC 13 127.4 ± 25.2 * 12 110.1 ± 15.2 = .957
FA 13 911.9 ± 389.1 12 363.0 ± 64.5* = .586
FU 13 301.6 ± 213.3 12 96.4 ± 10.1 = .103
SU 13 74.0 ± 8.8 12 97.4 ± 10.5 = .157
p=.018 p = .0002
(Kruskal-Wallis)
N = number of pairs.
AGC = mean of tunnels during the Acclimation period. FA = Familiar 
Animal tunnel. FU = Familiar Urine tunnel. SU = Stranger Urine 
tunnel.
fMann-Whitney U test
*Significant at p<.05, Simultaneous Test Procedure.
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Dominant males entered tunnels leading to 
stranger urine (SU) and leading to tethered opponents 
(FA) earlier than subordinates did (p=.038, p=.106
respectively, Table 10). There was no significant 
correlation between the number of aggressive acts by 
dominants in the neutral arena and latencies to enter 
the tunnel leading to the tethered male (FA).
The total activity of males during the trial 
period was measured by the frequency of passage 
through each of the 3 tunnels in the trial apparatus 
(Table 11). There were significantly more passages 
through the tunnels recorded by dominants than sub­
ordinates (square-root transformation, Twoway ANOVA 
p=.001), but no difference between tunnels (p=.472) 
and no significant interaction of social status and 
tunnel (p=.81).
Dominant males did not show a significant 
difference in frequency of passage into each tunnel 
(Table 11). Subordinate males, however, recorded 
significantly different passage frequencies into the 
different tunnels (p=.0007, Table 11). The
subordinates* mean frequency of passage into all 
tunnels during the trial period was significantly less 
than during the acclimation periods
(Student-Newman-Kuels, p=.05, Table 11). When
frequencies of passage were compared by social status,
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dominants passed through the tunnel leading to 
tethered opponents significantly more often than 
subordinates, (p=.0019), but there were no significant 
differences between other tunnels (Table 11).
Dominant males spent significantly different 
durations of time in different tunnels
(Kruskal-Wallis, p=.0002). Dominants stayed in the FA 
tunnel significantly longer than in other tunnels, but 
showed no difference between durations of time spent 
in remaining tunnels (Simultaneous Test Procedure, 
p<.05). Subordinate males also spent significantly 
different durations of time in different tunnels 
(Kruskal-Wallis, p=.018). However, a nonparametric a 
posteriori test yielded no significant differences in 
tunnel durations, probably due to the small sample 
size and insensitivity of the test (Simultaneous Test 
Procedure, NS at p<.05). A comparison of durations 
spent by dominants and subordinates in tunnels with 
the same cues showed no significant differences 
(Acclimation p=.957, Familiar Animal Tunnel p=.586, 
Familiar Urine Tunnel p=.103, Stranger Urine Tunnel 
p=.157, Table 11).
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EXPERIMENT III. STABILITY OF THE DOMINANCE/SUB­
ORDINATION RELATIONSHIP OVER TIME.
Purpose.
The purpose of Experiment III was to determine if 
aggression recurs in a neutral arena more than 90 days 
since the last aggressive encounter between a pair of 
males. Additionally, the purpose was to determine if 
recognition occurs, so that the
dominance/subordination relationship remained stable, 
or if reversals of dominance occur.
Materials and Methods.
Seventeen pairs, eleven from Experiment I and 
seven from Experiment II, were maintained in the 
experimental room a minimum of 90 days since the last 
aggressive encounter between the males. Each pair 
experienced one additional neutral arena encounter. 
The opponents were placed in the neutral arena in the 
previous order of placement. Behaviors were recorded 
for 15 minutes, per Experiment II. Data were analyzed 
by non-parametric methods for any change in the number 
of aggressive acts and for differences in latencies to 
aggression and investigative contact.
Results.
Aggression was observed in 16 of 18 pairs 
retested in a neutral arena 92-102 days after their
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last aggressive encounter. In 14 of the 16 pairs, the 
individual which was the initial aggressor remained 
the aggressor (87%, Chisquare, x=5.24, p<0.05).
Behavioral data from these 14 pairs is presented in 
Table 12.
Although latency to the first aggressive 
interaction decreased significantly (p=.021) after 
more than ninety days, the number of aggressive acts 
did not significantly change from the number initially 
observed per pair.
Investigative contact did not occur sooner in the 
second encounter than in the first. Latency to 
nose-sniff at the first encounter was not
significantly different from the latency after ~ 90 or 
more days. Naso-anal sniffing occurred infrequently 
in both the first and second encounters. Mean latency 
to naso-anal sniff was not significantly different 
after more than 90 days.
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TABLE 12. Comparison of mean (±SE) latency (s) to attack, nose-nose 
sniff and naso-anal sniff, and mean (±SE) number of aggressive acts 
(A3-A5) observed per aggressive male in the initial encounter and
after 90 or more days. Data from Experiment IV.
N o . of 
Pairs
Initial
Encounter
After 
9 0 days p*
Attack 14 330.0 ± 59.8 139.4 ± 27.5 = .021
(14) (14)
A3 14 4.1 ± 0.9 9.7 ± 3.1 = .099
(14) (14)
A4 14 2.8 ± 0.4 2.2 ± 0.3 = .244
(13) (13)
A5 14 1.0 1.1 ± 0.05 = .348
(10) (8)
Nose-nose 14 69.6 ± 11.3 64.4 ± 20.6 = .617
sniff (10) (7)
Naso-anal 14 79.5 ± 11.1 17.0 ± 0.0 = .441
sniff (4) (2)
( ) = the number of males which exhibited the behavior, or the number 
of encounters where aggressive acts were observed.
* Kolmogorov-Smirnov test
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DISCUSSION
ESTABLISHMENT OF SOCIAL RELATIONSHIPS
Establishment of dominance/subordination
relationships in this study appeared to occur before 
overt aggression was noticeable to the observer. With 
few exceptions, the male which initiated aggression 
was dominant at the end of each encounter (156 of 161 
encounters observed) Sheppe (1966) suggested that 
dominance was established without a fight in about 
half of his encounters, but did not indicate how this 
might be accomplished. Frequent nosing and grooming 
behavior led King (1957) to suggest that dominance may 
be established without overt fighting in P. 
maniculatus.
If males can effectively communicate by other 
means, agonistic interactions may be unnecessary in 
establishment of a dominance heirarchy. Because there 
was no aggression in a large percentage (44%) of the 
neutral arena encounters observed in the present 
study, non-aggressive establishment of dominance may 
be a viable alternative strategy in P_^  leucopus. 
Non-aggressive males may communicate differently or 
perhaps more effectively, establishing identity or 
relative rank without physically investigating 
strangers. In this study, however, there were no
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differences in the number of aggressive and 
non-aggressive pairs in which investigative sniffing 
occurred, or in their latencies to investigative 
sniffing (Table 6).
Several authors have reported an increase in
investigatory sniffing as a prelude to aggression in
Mus (Banks 1962, Lloyd and Christian 1967). In the
present study, aggression occurred in the neutral
arena as frequently without investigative contact, 
consisting of naso-frontal and naso-anal sniffing, as 
after contact (Chi Square of data in Exps. I and II, 
x=l.18, p=NS).
Ropartz (1968) has shown that olfaction plays a 
fairly important role in the aggressive behavior of 
Mus, since anosmic mice were totally unaggressive in 
agonistic encounters. Chemical signals present in Mus 
urine can signify inherent levels of aggressiveness 
present in individuals, possibly indicating to 
receivers the chances of winning or losing a dispute 
(Jones and Nowell, 1974). Aggression may only occur 
between males which are most alike in agonistic 
tendancies, where one male does not immediately defer 
to the other. In the present study, size (see also 
Dewsbury 1984) and order of entry into a neutral area 
did not confer an immediate advantage.
Although this study primarily focuses on the
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effect of olfactory cues on movement, other forms of 
communication may be important as well. However, at 
the present time, no studies are known to examine 
visual and auditory communication with respect to 
spatial organization.
EFFECT OF LOCATION OF ENCOUNTERS ON AGGRESSION
A dominance/subordination relationship
established in a neutral environment appears to 
override any priority of residence effect. Males
which exhibited dominance in the neutral arena
maintained that dominance in nearly all subsequent
encounters (110/117), regardless of encounter site.
Since resident subordinates rarely initiated 
aggression against intruders, subordinates might have 
recognized them as previously-dominant opponents. 
After the initial interaction, subsequent "winning" 
might be based upon an established dominance/subordin­
ation relationship where one individual consistently 
defers to the now socially dominant individual (Hand, 
1986).
In opposition, several researchers have found 
residency to be influential in the outcome of 
agonistic encounters in Peromyscus when first 
interactions occurred in the home area of one
individual. Sheppe (1966) found that resident leu-
46
copus were always dominant over newcomers in the 
laboratory and Wolff (1983) found the probability of 
winning at home was significantly greater for leuco- 
pus in the field. Dewsbury (1984) found dominance by 
priority of 24-hour residency in P_^  maniculatus.
In Experiment I, resident dominants attacked sub­
ordinates placed in their residences in less time than 
they attacked the same males in neutral arenas ' (Table 
3, Figure 2). The fact that latency to attack
decreased (p=.07, Table 2) in dominants* residences 
compared to the neutral arena suggests that dominants 
recognized trespassing subordinate males as both 
intruders and, possibly, as previously-defeated
opponents. Males which have not voluntarily entered a
territory, i.e. are experimentally placed there, may 
communicate less effectively with the resident male 
and therefore are subject to attack.
Dominant males placed in subordinates * 
residences, appeared to respond in one of two 
alternative ways. Dominants either were totally 
inhibited from attacking subordinates, or they
attacked, but later than if subordinates had 
trespassed into dominants1 residences (Table 2, Table 
3, Figure 2). Dominants, therefore, appeared 
initially inhibited from attacking subordinates in 
subordinates* residences. The initial hesitation may
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have been overcome after recognition of the sub­
ordinate. Although no data presently exists for
Peromyscus, several authors have evidence of 
individual recognition among house mice. Bowers and 
Alexander (1967) found that Mus musculus can 
discriminate between the odors of two different 
individuals as well as between species. Jones and 
Nowell (1973a) found that male albino mice, which 
spend less time in areas marked with donor urine than 
they do in a clean area, spend even less time in areas 
marked with urine from familiar dominant males.
In Experiment II, resident animals rarely 
attacked intruders which entered their residences. 
This suggests that the social relationship previously 
established between the males was sufficient to 
prevent aggression against familiar intruders.
Additionally, residences might have been chemically 
marked. As a result of information received from the 
markings, an intruder may send olfactory, visual, or 
auditory signals that signify transience and lack of 
intention to initiate an attack against the occupant.
When dominants entered subordinate enclosures 
voluntarily, however, their latency to attack was not 
significantly different from the latency in the
neutral arena (Experiment II). This suggests that 
dominants perceived the area as occupied and thus
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modified their behavior. Several authors have 
published observations of behavioral changes in males 
on alien territory (Mykytowycz 1968, Thiessen 1970 as 
stated by Johnson 1973). Mykytowycz observed that 
rabbits which crossed the border into a neighboring 
territory acted as though they were aware that they 
had done so, appearing to be on the alert, sniffing 
constantly with cautious movements, and not feeding as 
usual. Although a trespassing rabbit may be dominant 
in its own territory, it will not offer resistance if 
challenged by the owner, even if the owner is a 
juvenile. In the present study, however, the 
non-significant increase in latency to attack may be a 
result of the opportunity to leave the enclosure 
many males repeatedly left and reentered the sub­
ordinates' enclosure before attacking. Dominants, 
placed in a subordinate's enclosure without an exit, 
may focus their attention more directly on opponents. 
Additionally, although a fifteen minute time limit was 
used in comparison of the number of aggressive acts 
observed in the neutral and trial arena, dominant 
males often attacked repeatedly after the time limit.
In the present study, recognition and avoidance 
of dominant males were apparent in the movements of 
subordinates (Experiment II). Subordinates were more 
hesitant than dominants to enter opponents' enclosures
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(Table 10). However, of the 11 subordinates that 
entered dominants' enclosures during the observation 
period, three were observed to attack and dominate the 
tethered male. Because subordinates had the prior 
opportunity to explore a similar apparatus, those that 
attacked dominants may have been attempting to expand 
their home range to the size they had previously 
experienced. Alternatively, dominant males may have 
been at a disadvantage as a result of being tethered. 
A tethering disadvantage may play a role but does not 
appear to be the only factor, since four of five 
control males in Experiment II attacked familiar sub­
ordinates while wearing a collar and tether.
In Experiment I, fighting between several pairs 
in Group B ceased entirely after the neutral arena 
encounter (see Append B). The cessation of fighting 
could merely be an indication of highly increased 
latencies to attack, or might be a result of the 
sequence of encounters, since a similar pattern was 
not observed in Group A. Successive non-aggressive 
encounters between the same males implies either prior 
communication which established a stable relationship, 
and subsequent recognition, or continuous
non-agonistic reestablishment of dominance by the 
dominant male.
Subordinates in any location often exhibited
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appeasement signals during an attack by the dominant. 
Supine positions were generally effective in reducing 
aggression, but the dominant male frequently ignored 
the supine position of his opponent and persisted in 
attacking. Several instances of fatal aggression were 
observed. One dominant male entered the residence of 
the tethered subordinate and killed the supine male 
within ten minutes, biting through the nasal cavity. 
Additionally, a tethered dominant male was discovered 
dead at the end of the trial period with similar 
wounds. A dominant pair also killed a subordinate 
pair after lifting the tunnel door during the 24 h 
acclimation period.
CHANGES IN SOCIAL INVESTIGATIVE BEHAVIOR DURING 
REPEATED ENCOUNTERS
Unacquainted males often physically investigated 
each other before showing any indications of 
aggressive behavior. Naso-frontal sniffing was 
observed in more encounters than naso-anal sniffing, 
suggesting that much information may be conveyed 
through oral as well as nasal means, possibly in 
saliva. It is presently unknown if a vomero-nasal 
organ exists in Peromyscus■ After an initial 
investigation, few additional sniffs occurred during 
an encounter, suggesting that sniffing was important
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in establishing initial identity.
Most males appeared to recognize their opponents 
in subsequent encounters without repeated physical 
investigations, since the number of encounters with 
social investigations decreased significantly after 
the initial encounter in all experiments (Tables 5, 6, 
12). The number of encounters with nose-nose sniffing 
decreased differentially, although not significantly, 
depending on the encounter locations (Tables 5, 6, 12, 
Figure 2). There were significantly more encounters 
with nose-nose sniffing in subordinates' residences 
than in dominants' residences in Experiment I (p~0.05, 
Figure 3). A dominant male, inhibited from attacking 
in a strange residence, might reestablish its identity 
and dominance during social investigative contact. 
The subordinate may then be inhibited from attacking 
the dominant intruder. Alternatively, when a sub­
ordinate is placed in a dominant male's residence it 
may exhibit avoidance behavior more than it does in 
its own residence, reducing the occurrence of 
nose-nose sniffs. Subordinate males which attacked 
tethered dominants did so without any preliminary 
investigative contact, indicating that they were 
motivated to chase opponents before establishing 
identity through social investigation.
Because it was usually difficult to determine
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which member of a pair initiated sniffing, initiators 
were not recorded. Dominants were later identified, 
however, as the apparent initiators of sniffing both 
before and after the establishment of social rank. 
Nose-nose sniffing occurred sooner in dominants* 
residences than in subordinates* residences, although 
too few sniffs took place in second and third 
encounters for statistical analysis (Table 5). 
Latency to nose-nose sniff was greatly increased when 
males were voluntarily moving into residence areas 
(Exp. II), probably due to the opportunity to enter 
and leave the enclosure at will (Table 9).
EFFECT OF OLFACTORY CUES ON MOVEMENTS.
During the acclimation period of Experiment II, 
dominant and subordinate males did not significantly 
differ in frequencies, durations, or latencies to 
enter tunnels. This conflicts with Mus behavior, 
where rates of movement by dominant males were 
significantly greater than subordinate rates (Carr et 
al. 1970). Social status in the present study did, 
however, affect males* movements during subsequent 
trial periods. Significantly fewer subordinates than 
dominants entered enclosures occupied by tethered 
opponents during observation periods. (p=.02, Table 
8). Additionally, subordinates entered opponents'
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enclosures later than dominants (p=.106, Table 10).
If leucopus uses urine as a territorial
marker, resident enclosures in this study should be 
sufficiently marked after 24 hours to cause a response 
by opponents. Differences in marking behavior 
according to social status have been observed in P. 
maniculatus (unpubl. honors thesis, 1978, K.A. Funk 
and C.R. Terman). Desjardins et al. (1973) compared 
the marking behavior of two Mus tested in each other's 
presence before and after establishment of a dominance 
relationship. They concluded that subordination 
strikingly inhibits marking over a long period of 
time. If P^ leucopus exhibits similar behavior, only 
resident dominants may have marked. The delay of 
entry by subordinates into dominants' residences might 
have been in response to marks. Dominants were not 
inhibited from entering subordinate residence 
enclosures, suggesting that subordinates may have 
marked inadequately (Table 10).
In the present study, movements by subordinates 
appeared inhibited in the trial apparatus, whereas 
movements of dominants were far less influenced by 
cues (Table 10, Table 11). Approach to odors made by 
conspecifics is not unexpected from males that 
maintain relatively exclusive territories, as any 
strange male constitutes a potential threat to
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territory holders. If scent-markings are insufficient 
to prevent trespassing, then confrontation with 
intruders may be the next step in defense of a 
territory.
The physical presence of an animal in close 
proximity appears to be attractive to conspecifics. 
Both dominants and subordinates entered the tunnel 
leading to the opponent animal (FA) earlier than other 
tunnels (Table 10). Subordinates entered the FA 
tunnel sooner than other tunnels, yet the entry 
occurred nearly 3 times later than entries during the 
acclimation period (p <.05,Table 10). Dominants also 
entered the FA tunnel sooner, although not
significantly (Table 10). Animals may approach 
conspecifics within a certain distance in order to 
learn identity, sex, reproductive condition, etc. of 
the animal before entering or withdrawing from an 
area.
Both subordinates and dominants showed an 
increase in duration of time spent in the tunnel 
leading to the opponent animal, indicating a hesitancy 
to enter the enclosure. Several subordinates were 
observed to sit in the tunnel without entering the 
opponent's enclosure. There was no correlation 
between number of aggressive acts observed in the 
neutral arena and the latency to enter the FA tunnel
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by either dominants or subordinates.
In addition to urine odors present in residence 
enclosures, males might be attracted to the whole body 
odor of another mouse, or movements and sounds made by 
the tethered male. Whittier and McReynolds (1965) 
found that laboratory mice spent more time on the side 
of an open-field recently occupied by another mouse 
(see also Rowe 1970). In field studies, Peromyscus 
has been shown to be trapped more readily in traps 
baited with homospecific odor than in clean traps 
(Madzder et al. 1976, Daly et al. 1980, Drickamer 
1984) . Traps baited with odors and placed in the 
field may represent intruders to resident males. 
Because males in the present study had been in 
residence for approximately 24 hours, they may have 
been responding to the odors and sounds in the FA 
tunnel as if an intruder had entered their residences.
Males may also have been attracted to odors left 
in the opponent's enclosure by females. Male Mus and
Peromyscus are known to show an attraction to female
urine (Rowe 1970, Johnson 1973, Drickamer 1984).
Hesitation to enter the enclosure to find the female 
may have been due to the presence of the opponent 
male.
Recognition could result in hesitancy to enter FA 
enclosures. If residents have marked their
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enclosures, intruders may be particularily hesitant to 
enter if they recognize the marker as being dominant. 
Bowers and Alexander (1967) have shown that chemical 
signals present in Mus urine can identify the 
signaller. Jones and Nowell (1973b) have suggested 
that a factor present in male albino mouse urine 
functions as an aversive stimulus which suppresses 
investigative behavior. Experience of defeat by the 
urine donor further discourages a subject's 
investigation of an area marked with the donor's 
urine. In the present study, significantly fewer 
subordinants than dominants entered tethered 
opponents' enclosures during observation periods 
(p<.03). Subordinates may have remained -in the 
tunnel, an avenue of escape, partly due to inhibition 
by the olfactory cues.
Males in the present study tended to show an 
avoidance or disinterest in enclosures containing only 
urine (FU and SU, Table 10). Subordinates responded 
to the tunnel leading to the urine of the dominant 
male (FU) similarly to the tunnel leading to the 
opponent male (FA), indicated by an increased latency 
to enter, lower frequency of passages and higher 
durations compared to acclimation periods (Table 10. 
Table 11). This suggests that subordinates recognized 
that the urine was from a previously dominant
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opponent. Dominants were hesitant to enter enclosures 
containing opponent urine, possibly because it 
appeared occupied, but their frequencies and durations 
were not affected compared to the acclimation period 
(Table 10, Table 11).
Subordinates avoided the SU tunnel, indicated by 
an increased latency to enter, and they spent the 
least amount of time with few passages in the SU 
tunnel (Table 10, Table 11). Dominants did not enter 
the SU tunnel significantly earlier or later than any 
other tunnels, but indicated less interest by few 
passages and short durations (Table 10, Table 11). 
Doty (1973) found that leucopus males avoid the
urine odors of unfamiliar conspecific males in the 
laboratory.
The caution exhibited only by subordinates in the 
trial apparatus is evidenced in lower frequencies and 
shorter durations spent in the trial tunnels compared 
to the acclimation tunnels (Table 11). The 
frequencies of passage into the tunnels by sub­
ordinates decreased significantly in response to cues 
present in the enclosures. When the durations spent 
in tunnels are compared with frequencies of passage 
through the tunnels by subordinates
(Duration/Frequency), it is apparent that, unlike 
dominants, they remained stationary for long periods
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of time in the tunnels. Subordinates spent more time 
in the tunnels leading to the tethered male than did 
dominants (Table 11), indicating interest in the 
enclosure as well as caution.
STABILITY OF THE DOMINANCE/SUBORDINATION RELATIONSHIP 
OVER TIME
If recognition of a previously dominant or 
previously defeated opponent results in a
non-agonistic encounter, stable long-term
dominance/subordination relationships would be one 
means of reducing agonistic interactions between 
familiar males.
Experiments I and II demonstrated that 
established social relationships are maintained up to 
s days after an initial encounter between males. 
Little information is available on the long-term 
stability of dominance/subordination relationships. 
Sadlier (1970) found that a dominance ranking between 
male maniculatus remained stable for one month. In 
the present study, 14 of 16 males which attacked 
opponents more than 90 days after their last encounter 
were the original aggressors. This demonstrates that 
dominance relationships between adult male leucopus 
can remain stable for at least three months.
After 90 days elapsed between encounters,
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recognition between familiar males was not immediately 
apparent (Table 12). The latency to nose-nose sniff 
was approximately the same as the latency during the 
first encounter, and there was no significant decrease 
in the number of encounters in which nose-nose 
sniffing occurred. Recognition at an early point in 
the second encounter was evident, however, since 
attack latency was significantly less in second 
encounters and no reversals of dominance occurred. 
After investigation, males might recognize opponents 
and behave according to the ranking established in the 
first encounter.
Subordinates may be inhibited from self-defense 
by a previously-established social status. If a sub­
ordinate does not retreat from an attack, an aggressor 
may increase the intensity of aggression. Laboratory 
encounters in which males are unable to escape an 
enclosed area might result in artificially high levels 
of aggression, whereas in field encounters, a single 
non-contact threat may suffice to chase an opponent 
out of an area.
TERRITORIALITY
In the present study, a single agonistic 
encounter, reinforced by olfactory cues, appears to 
influence space utilization by subordinate males.
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Because Hill (1977) saw no evidence of behavior 
patterns which could be described as the aggressive 
defense of mutually exclusive areas, he concluded that 
the even dispersion patterns observed in natural 
populations of leucopus result more from mutual 
avoidance of other individuals than aggressive defense 
of a specific area. Results of the present study, 
however, indirectly support territorial relationships 
between adult males. Territorial behavior does not 
necessarily imply active defense of a preferred area, 
but may instead consist of passive defense such as 
scent-marking (Wilson, 1975).
Movements by subordinates and dominants in 
Experiment II were significantly influenced by the 
olfactory cues they perceived (Table 11). As shown in 
Experiment II, the frequency of passage by sub­
ordinates into tunnels during trial periods decreased 
significantly (p=.0007) and durations spent in the 
tunnels leading to the tethered dominant (FA) and the 
dominant's urine (FU) increased greatly compared to 
the acclimation period (p=.018, Table 11). This 
suggests that subordinates decreased their rates of 
movement (Duration/Frequency) compared to the 
acclimation periods in response to cues present in the 
FA and FU enclosures. High durations (Table 11) 
suggest that subordinates were attracted to the
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enclosures, possibly observing the tethered dominant, 
yet remained hesitant to enter. It is likely that 
subordinates behave similarily in field situations, 
and therefore their movements through an area reflect 
the olfactory cues present. Subordinates may avoid
areas marked by urine from an individual recognized as 
dominant.
Subordinates avoided the stranger urine (SU)
tunnels, as indicated by few passages and short
durations compared to the acclimation tunnels. The 
rates of movement into the SU tunnel remained 
unaffected by odors, indicating that subordinates 
responded differently to stranger odors than to odors 
from dominant individuals.
Dominant males may investigate areas at will,
since their frequencies and durations of movements 
remained generally unaffected by cues. The hesitation 
to enter tethered subordinates' enclosures, evidenced 
in higher durations of time spent in FA tunnels, may 
be due to an initial reluctance to a challenge a 
resident male.
Although Hill (1977) concluded that P^ _ leucopus 
show mutual avoidance, his data do not contradict 
territorial behavior. When solitary individuals were 
given an increase in space, their movements decreased. 
Movements by two individuals increased significantly
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for several days after available space was doubled. 
Because the males had not met prior to the increase in 
space, the increase in movement may be during the 
establishment of a social relationship. Hill found a 
significant bias toward meeting in a compartment that 
at least one male preferred to occupy when alone 
although mice were found together only 25% of the 
time. If males were maintaining a distance from one 
another due to mutual avoidance, then a significant 
bias toward meeting in preferred compartments would 
not be expected. Social position apparently was not a 
significant factor in determining the location of 
meetings.
Establishment of a dominance heirarchy among 
neighbors could account for the range overlap seen in 
the field, where one male may sometimes overlap the 
home ranges of several other males. A dominant 
individual may trespass freely. Myton (1974) found 
that more P_^  leucopus males than females were captured 
at the peripheries of their ranges and suggested that 
there may be some kind of defense or patrolling by 
males. One male in Mytonfs study had a larger home 
range that he used more uniformly than other males. 
Myton concluded that the majority of mice in a 
population may be subordinates whose use of the home 
range is greatest at the center and decreases toward
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the periphary, dominated by one or more males which 
appear to have more than one homesite.
Peromyscus appear to be relatively short-lived in 
the field. P^ _ maniculatus has an average residence of 
2.8 months on a grid (Petticrew and Sadlier 1972). 
The demonstrated stability of the dominance/subord­
ination relationship over time suggests that 
long-lived individuals have the capability of 
remembering conspecifics months after an encounter. 
Therefore, the outcome of a second encounter between 
two individuals will be the same as the first. Such 
recognition would lead to increased stability within a 
population.
It is possible that, in the present study, 
residence enclosures represent the core area of a home 
range. Several authors have found that mice are 
differentially aggressive depending on the place of 
encounter within a home range. Wolff et al. (1983) 
found that P^ leucopus are most aggressive in the core 
area of their home ranges, as are Mus (Jones and 
Nowell 1973b). In the present study, since a 
dominance/subordination relationship was previously 
established, no need for aggression exists when 
dominants are placed in subordinates residences, but 
dominants attack subordinates placed in dominants' 
residences in defense of a core area. Dominants may
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attack subordinates tethered in attached enclosures 
for the same reason. Vestal and Hellack (1977) noted 
that the greater the available space, the less
interaction occurred between males leucopus.
Although the present study investigated behaviors 
observed after a dominance/subordination relationship 
was established in a neutral arena, it is possible
that dominance established during first encounters on 
home ranges in the field is site-specific. As 
indicated in Wolff et al.'s study (1983), residents 
are able to expel intruders. However, based on the
present data, if two dispersing males establish a 
social relationship before either has acquired a home 
range, further establishment of a spatial relationship 
may be influenced.
VARIABILITY IN BEHAVIORAL RESPONSES
P. leucopus is not a highly aggressive species. 
Wolff et al. (1983) observed aggression in 57% of the 
residence encounters he observed in the field. Only 
44% of the males in the present laboratory study 
fought in the neutral arena, and Vestal and Hellack 
(1977) observed aggression in 2 0 of 40 encounters in 
the laboratory between unmated P^ leucopus males. 
Aggression may only occur when males are most alike in 
agonistic tendancies. Non-aggressive communication,
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possibly olfacatory, may ordinarily suffice to 
influence the spatial relationship of males.
The variability in response to stimuli exhibited 
by Peromyscus leucopus is evidenced in the large 
standard errors present in the data. Several 
alternative responses may be available within the gene 
pool for external stimuli, where each may be 
especially suited to a particular environmental 
condition. King (1986) suggests that a plethora of 
survival strategies exist within the genus Peromyscus. 
Combined with the genetic uniqueness of each 
individual, this may result in so many patterns of 
behavior that no single pattern is easily apparent.
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APPENDIX A.
Results of a preliminary experiment showing the 
percentage of pairs in which aggression by male Pero- 
myscus leucopus occurred. Pairs were tested in a 
neutral arena after 48 hours in both isolated and 
mated conditions.
Group n Conditon 1 % Agg_____ Condition 2____ % Agg
A 9 mated 88.8 isolate 66.0
B 8 isolate 62.5 mated 100.0
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Latencies 
Groups A 
occurred,
APPENDIX B.
(s) to the first aggressive interaction in 
and B in Experiment I. If no aggression 
latency = 1200 s.
Group A
Neutral Dominant Subordinate
arena residence residence
882 s 1200 s 56
96 14 11
204 106 124
62 134 1200
225 15 381
57 21 30
214 56 32
199 2 37
95 5 56
32 41 136
416 1200 53
98 3 1157
136 90 224
90 354 734
267 52 210
Neutral
arena
Group B
Subordinate
residence
Dominant
residence
465 S 163 s 107
75 1200 1200
250 148 74
85 144 133
65 151 36
513 589 98
720 572 1200
165 1200 1200
285 1200 1200
57 1200 1200
87 60 49
730 183 1140
73 61 4
347 89 13
398 164 261
179 40 314
375 1200 1200
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